The exact nature of the processes involved in the Shwartzman phenomenon is as yet not settled. This study of the histology of the reaction is presented in an attempt to arrive at a better understanding of the phenomenon. The studies of Karsner, Ecker and Jackson and of Moritz and Morley demonstrated that the Shwartzman reaction can be produced in stomach and knee joints of rabbits respectively. The details of the technique are given in their publications. The material obtained has been studied in the gross and microscopically. It was shown that the reaction in the stomach closely parallels the skin reactions in the same animals but the same was not true of the knee joints. EXPERIMENTAL Four control rabbits were employed in the stomach series. These were killed by fracture of the neck at 7 hours, 24 hours and two at 7 days after the preparatory injection of concentrated toxic filtrate of B. coli culture into the submucosa.
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EXPERIMENTAL
Four control rabbits were employed in the stomach series. These were killed by fracture of the neck at 7 hours, 24 hours and two at 7 days after the preparatory injection of concentrated toxic filtrate of B. coli culture into the submucosa.
In the gross, the only evidence of change at the site of inoculation in the 7 and 24 hour periods was slight swelling of the mucosa. In the two animals killed at 7 days the mucosa over areas of 8 by 10 and 8 by 12 mm. respectively was swollen and red and on section showed a gelatinous character of mucosa and submucosa. Sections were fixed in both 10 per cent neutral formalin and in Zenker's fluid, embedded in paraffin, cut at 6 micra and stained with hematoxylin and eosin. Microscopically the 7 hour stomach shows hemorrhage in the peritoneal and muscular coats, almost certainly traumatic. The submucosa is the seat of edema, fibrin formation and the infiltration of a few polymorphonuclear leucocytes and a * Aided by a grant from the Josiah Macy, Jr., Foundation. 37 few mononuclear cells principally of lymphocytic type. Capillaries are large but hyperemig is not a prominent feature. In the 24 hour stomach, traumatic hemorrhage is not observed. Edema of the submucosa with fibrin formation is well marked. In this area are many polymorphonuclear leucocytes with a few large and small mononuclear cells. The leucocytic infiltration involves the neighboring mucosa, without injury to the muscularis mucosae and also extends along the septa of the inner and outer muscular coats of the organ. The state of the blood vessels is about the same as in the 7 hour animal. Both the 7 day stomachs showed essentially the same features microscopically. The edema is still present, but the polymorphonuclear leucocytes are much reduced in number. Large and small mononuclear cells are in larger numbers than before. There is a large amount of granulation tissue with fibroblasts, often multipolar, and newly formed capillaries.
In the septa of the muscular coat of the organ are lymphocytes, largemononuclear cells and fibroblasts.
Thus it can be said that the preparatory injection of toxic filtrate into the submucosa initiates an inflammatory reaction within a few hours, characterized by edema, fibrin formation and cellular exudation. Eosinophiles with their large cytoplasmic granules are not found and the vascular change is only occasionally productive of hemorrhage.
Seven control animals were used in the study of the Shwartzman reaction in the knee joints of rabbits. In these the preparatory factor was injected into the knee joint but as in the stomach controls, the subsequent intravenous injection of the reacting factor was not made.
These animals were killed from 25 to 222 hours after injection, which was followed in all instances by an acute synovitis. The inflammation is characterized by hyperemia, slight edema and exudation of small and large mononuclear cells, the former predominating. This reaction is most pronounced in the immediate vicinity of the injection. Polymorphonuclear leucocytes and fibrin vary considerably in amounts but as a rule are inconspicuous elements of tie exudate. Hemorrhage is usually confined to the region of the puncture wound. The synovial lining cells are swollen and in some instances hyperplastic. The impression is gained that the joint fluid is increased or is at least under greater pressure than normal. Smears of joint fluid reveal only an occasional mononuclear cell.
There is considerable variation in the extent and severity of the synovial reaction to the preparatory factor; a variation that is not entirely related to the time that has elapsed after injection. The inflammation is present in all four animals killed between 25 and 30 hours after injection but in two of these the reaction is mild and in the other two quite severe. In the three animals sacrificed at longer periods after the injection, the inflammatory response varies in a manner that is not consistent with the time interval. Edema and hyperemia are less severe after 72 hours than under 30 hours.
In the stomach series the experimental animals were killed at periods of 3½, 5 (two animals), 12, 24, 25 (two), 72 (two) hours, and 7 days (two) after the intravenous injections. The reactions in the stomach were much the same as those of the skin of the same animals except that the peak of the reaction in the skin was reached in 4 or 5 hours and in the stomach at about 24 hours.
As early as 3½ hours after the intravenous injection the edema of the submucosa is much more marked than in the controls, the amount of fibrin appears to be greater and the cellular infiltration is severe. The cells are mainly polymorphonuclear leucocytes but there is a considerable number of small and large mononuclear cells, the latter phagocytic for nuclear fragments and erythrocytes. The cellular exudate extends into the muscularis mucosae and the tunica muscularis. Hyperemia is moderate and small hemorrhages are observed. The peritoneum is normal and the mucosa shows no necrosis.
At 5 hours, the changes are much the same, except that the hyperemia is more marked and there is occasional venous thrombosis, largely fibrinous.
At 12 hours, the fibrin shows numerous asters and the cells of the cxudate show necrosis, as evidenced by marked karyorrhexis.
At 24 and 25 hours, the changes are found in great intensity, with considerable hyperemia and hemorrhage, venous thrombosis, exudate, now more richly cellular, marked karyorrhexis and noteworthy phagocytosis. In all three of these animals the number of large mononuclears is greater than before, but polymorphonuclears still predominate. A few fibroblasts appear in the submucosa and in one case in the septa of the tunica muscularis.
At 72 hours, the amount of edema is reduced, the fibrin condensed in bands and the number of polymorphonuclears both relatively and absolutely decreased. Phagocytosis and karyorrhexis are still present. The predominant cells are large and small mononuclears. The fibroblasts have increased considerably in number and there are so many thin walled capillaries as compared with the controls that they must represent capillary multiplication. Simply put, granulation is well advanced.
At the end of 7 days, edema has not entirely disappeared and there are still a few polymorphonuclear, and large and small mononuclear cells. The fibroblasts are present in great numbers and there is much collagen, but the capillaries are less numerous than at the 72 hour period. There is then definite progress in the direction of cicatrization.
In addition to the sections from the actual areas of injection, sections were taken from other parts of the stomach wall, both in the control and experimental animals. These show reactions of the same general character, but far less marked in degree. In none of these was thrombosis or hemorrhage observed. It appears that the severe local reactions are accompanied by less marked but similar (not identical) changes throughout the stomach wall.
In no instance was anything even remotely suggestive of mucosal necrosis or ulceration observed.
As regards the knee joints, six of the eleven animals in which both preparatory and reacting factors were injected reveal a local inflammatory reaction which is definitely more extensive and which differs in character from that seen in the controls. In the other five, the inflammation is not in excess of that present in the controls. A simultaneous Shwartzman reaction was attempted in skin and synovia of six rabbits, and although the skin reaction varies in severity and is consistently more severe than that present in the synovia there is no correspondence between the severity of skin and synovial reactions in the same animal. The Shwartzman reaction in the skin, stomach and synovia is qualitatively similar in that in all three situations a positive reaction is characterized by endovascular necrosis, thrombosis, hemorrhage and exudation of polymorphonuclear leucocytes and fibrin. The macroscopic changes in the joints are not significantly different from those seen in the controls and are characterized by swelling and hyperemia of the synovia. In several of the more severe reactions the joint fluid is blood-tinged and under increased pressure, but smears of this fluid do not reveal any appreciable increase in ceils.
The Shwartzman reaction in the joints appears to be fully developed so far as thrombosis and hemorrhage are concerned as soon as 1 hour after injection of the reacting factor, this being a considerably prompter reaction than is elicited in the skin. Exudation with he-crosis of both fixed tissue and exudate is increasingly pronounced in 5 to 10 hours after injection of the reacting factor. Fibroblasts and granulation tissue are found at 25 and 26 hours after injection of reacting factor, but organization is not extensive even after 196 hours. Skin sections have been described by Shwartzman, but without note as to the reaction which follows injection of the preparatory factor. Skin sections in our animals show essentially the same type of inflammatory reaction as in stomach and joints, except that in the skin vascular thrombosis is more frequent and hemorrhage more extensive.
Summary.--The preliminary injection of filtrates used in the Shwartzman phenomenon leads to exudative inflammation, which although of variable degree, is usually slight or mild. Following the subsequent intravenous injection of the filtrates, the inflammation becomes much more severe and is accompanied by vascular thrombosis, vascular necrosis and hemorrhage. The exudate is ir~ large part inflammatory edema and at the height of the reaction the cells are predominantly polymorphonuclear leucocytes. Necrosis of exudate occurs and there is notable phagocytic activity by large mononuclear cells and by polymorphonuclear leucocytes. Eosinophiles are not found at any time. The process heals by granulation, organization and cicatrization.
DISCUSSION
There is little doubt that the Shwartzman phenomenon belongs somewhere in the category of immune processes. Shwartzman separated it from allergic phenomena by the local reactivity, short incubation, short duration of reactivity, initiation by a single skin injection, severity of reaction and necessity for intravenous injection of the reacting factor. Hanger thought that skin reactions to filtrates are due to previous bacterial sensitization. Gratia and Linz were definitely of the opinion that the Shwartzman and Arthus phenomena are related. This they based on observations that (1) in certain cases where the Shwartzman is particularly intense it is accompanied by general changes like those of anaphylactic shock, such as capillary stasis, fall of blood pressure, thrombopenia and delayed coagulation of blood corrected by a current of CO~; (2) the Shwartzman phenomenon when especially intense may desensitize against anaphylactic shock; (3) the rat and mouse are refractory to both Shwartzman and anaphylaxis;
HISTOLOGY OF SHWARTZMAN PI-IENOMENOlq" (4) in spite of differences in bacteria, filtrates and primary effect, the same hemorrhagic reaction follows the intravenous injection and this can be exactly duplicated in a modified Arthus phenomenon. Their views are not necessarily controverted by the fact that they do not distinguish true anaphylactic shock and anaphylactoid phenomena. The following discussion concerns the question as to whether or not the morphological study of the process can throw light on the subject.
Reports of the effects of the primary injection show important differences. Although Shwartzman stated that the local injection excites little or no reaction, a view shared by Apitz and by Gratia and Linz, microscopic examinations were not published? Cohen found it impossible to elicit the Shwartzman phenomenon in the lungs without previous bacterial injury of those organs. Our results indicate plainly that inflammation is produced by the primary local injection, visible in the gross and microscopically. The severity of these reactions may well be due to the fact that the filtrates employed were concentrated. The concentrates from synthetic medium cultures were made by the method of Ecker and Rimington. Ecker and Welch reported severe local reactions to these concentrates and were confident that their product contained the essential factors necessary to the Shwartzman phenomenon. That reactions may be produced by filtrates which have not been concentrated is beyond doubt. Hanger observed strong skin reactions in previously untreated rabbits with 72 hour broth culture filtrates of Bacillus lepisepticus. Teissier and collaborators found similar reactions in guinea pigs to pertussis preparations. Unconcentrated filtrates are primarily toxic when administered intravenously, as shown by Gratia and Linz. Concentrates were found to be toxic by Menten and King and Menten and Kipp. P. Bordet employed filtrate concentrates (acetic acid precipitation and solution of the precipitate) and arrived at the conclusion that primary toxicity intervenes in the determination of the Shwartzman phenomenon.
1 Kielanowski and Selzer (Kielanowski, T., and Selzer, A., Compt. rend. Soc. biol., 1934, 115, 648) have reported, as a result of the histological study of the skin of ten rabbits, that the preparator.y factor produces inflammation. This does not differ in animals susceptible or refractory to the final reaction. They attribute the hemorrhage to humoral changes which provoke increased intracapillary pressure and rupture. These statements require confirmation. This is not necessarily contradicted by the observation of Julianelle and Reimann that the purpura-producmg substance of pneumococcus extracts is present in the supernatant fluid after acetic acid precipitation. Burnet thought that a variety of anaphylaxis determines the toxicity of intravenous injections, but the evidence is not convincing and his autopsy findings are like those of Bordet in rabbits not previously treated; namely, marked hyperemia of the lungs with small hemorrhages. In the Sanarelli phenomenon, hyperemia and hemorrhage are found but principally in the intestines. There can be no doubt that the preparatory factor of Shwartzman is irritant and poisonous but the effects vary with the degree of concentration, and possibly also with the degree of reactivity of the animal.
In respect of inflammatory response to the first injection the Shwartzman does not differ significantly from the Arthus, for although reaction to the first injection was not noted by Arthus and Breton, it has been amply demonstrated by Gerlach, Opie and others.
The question then arises as to whether or not this primary skin reaction in the Shwartzman phenomenon can be identified anatomically as allergic. The views of Gratia and Linz in this connection have been abstracted above. Previously, Hanger indicated that the local reactions to products of the Gram-negative organisms is due to sensitization of the animals to these organisms commonly present in the upper respiratory tract, whereas P. Bordet referred the sensitization to similar organisms in the intestinal canal. Hanger observed occasional reactions to filtrates of streptococcus cultures and thought this represented sensitization to those organisms. Shwartzman reported irregularity in response to streptococci but Burnet observed no response. The relatively refractory state of guinea pigs was explained by Hanger as due to low incidence of Gram-negative organisms in the respiratory tract of these animals.
If the reaction is to be classed as allergic on anatomic grounds, characteristic criteria of allergic inflammations must be established. Although edema, collagenous swelling, fibrinoid change and eosinophilia have been thought by some to be specific, the case is not proven, for they occur in other types of lesion. Nordmann found a total lack of agreement as to changes in connective tissue cells. There also appear to be differences in various animals. Eosinophiles were found by Rt~ssle in hypersensitive reactions in the guinea pig, but not by Dienes and Mallory. Davidoff, Seegal and Seegal reported a few eosinophiles in anaphylactic inflammation of rabbit brain, but Seegal, Seegal and Jost did not observe them in similar lesions of the pericardium. Kline, Cohen and Rudolph and others have observed large numbers of eosinophiles in allergic skin reactions in man. In the rabbit skin, however, Gerlach did not find them and Opie reported them only following simultaneous injection of antigen and antibody. We found none in the Shwartzman phenomenon in the rabbit. As noted above, the primary inflammatory reaction of the Shwartzman shows edema, vascular lesions, leucocyte and mononuclear cell infiltration, but there is nothing that would prove whether this is allergic or not. Fibrinoid is reported in allergic reactions by Geflach and others of the Rt~ssle school. When present it is significant but not necessarily pathognomonic for it may be found in other conditions. Therefore, the absence of fibrinoid in our experiments does not exclude the possibility that the reaction is allergic.
Evidence that the inflammatory reaction produced by local injection of the preparatory factor in the Shwartzman phenomenon is allergic in nature is based upon physiological and immunological experiments. The morphological studies here reported are in accord with the assumption but not conclusive evidence.
The local reaction which follows intravenous injection of the reacting or provocative factor differs from that of the local injection or preparatory factor quantitatively rather than qualitatively. The exudative inflammation is accompanied by hemorrhage and necrosis. The hemorrhage is greater than that observed in the classical Arthus phenomenon and the necrosis less. The collagenous swelling occurs in both but is more prominent in the Arthus phenomenon. The essential features are the same in both phenomena save for these quantitative differences. Eosinophiles were not observed in the reaction in our animals. Blood vascular degeneration, inflammation and thrombosis were more prominent following the intravenous injection than after the local injection. As regards the local injection, however, these vascular changes were more pronounced in the periarticular structures than in stomach or skin. That vascular injury occurs in the Arthus phenomenon is plainly shown by Opie, and in a modified technique for the production of the Arthus, Gratia and Linz report a hemorrhagic reaction which they claim is indistinguishable from the Shwartzman.
Since the local injection of preparatory factor excites inflammation it is probable that the intravenous injection leads to an increased concentration of injurious substance at the local site. Auer's experiments showed that local inflammation may bring about a concentration at that site of antigen-antibody complexes. Opie found that in the immune animal, protein injected locally is fixed at the site as contrasted with the rapid diffusion in normal animals. Furthermore the local fixation rapidly leads to destruction of the protein. Menkin (1930) showed that whereas protein is diffused out of inflamed areas with difficulty, it enters readily from the blood stream and is concentrated at the site of inflammation. He (1931) quoted Landis as demonstrating that injured capillaries are rendered extremely permeable and that the capillary pressure is increased in inflamed areas. This explains the ready entry of proteins from the circulation into the area of inflammation.
The exact chemical nature of the factors in the Shwartzman phenomenon is not known. The acetic acid precipitate employed by Bordet is made up of proteins and perhaps glycoproteins. The material we used was made by the method of Ecker and Rimington. They found in similar preparations that the nitrogen content was from 0.3 to 0.4 per cent and found positive color reactions for carbohydrates, suggesting that the material is largely polysaccharides, certainly with extremely little protein. It seems probable therefore that the factors in the Shwartzman phenomenon are not necessarily rich in protein. Thus the reaction would not be of exactly the same nature as the Arthus. As pointed out by Ecker and Rimington it is impossible to say whether the carbohydrate is a carrier of the toxic substance, a colloid impurity or part of the molecule of the toxic compound. Using a 1 per cent peptone broth instead of synthetic medium, Menten and King produced a concentrate which, like that of Ecker and Rimington, is principally carbohydrate in nature. Both Menten and King and also Burnet regard the effective substance as an endotoxin. Certain experiments point to an especial vulnerability of the blood vessels to the factors involved in the Shwartzman phenomenon.
Thus, as shown by Shwartzman and Michailovsky in mouse sarcoma, and by Gratia and Linz in guinea pig liposarcoma, the vessels of certain transplantable tumors are injured by intravenous injections of the filtrates. This has been observed in animals not susceptible to the Shwartzman and, as reported by Duran-Reynals, applies especially to rapidly growing and highly malignant transplantable tumors. Shwartzman regarded the vascular vulnerability as transient.
The intimate relation of the phenomenon to vascular lesions is further indicated by the fact shown by Peck and Sobotka and by Peck, that certain snake venoms can produce a refractory state to the Shwartzman phenomenon. It may then be said that although the chemical nature of the essential factors is not known they probably are related in some way to the carbohydrates, but whatever the exact composition may prove to be the action is largely in the direction of vascular injury.
It is no longer necessary to assume that immunity and sensitization are related to proteins only. Consequently the factors in the Shwartzman phenomenon cannot be excluded as reacting substances in a sensitive animal. It is therefore conceivable that those animals which exhibit the Shwartzman phenomenon have been sensitized to products of Gram-negative and rarely other bacteria, that the reaction to the preparatory factor is in part due to this sensitization and that the augmented severity of the reaction following intravenous inoculation is due to concentration of the factors in the inflamed site of the preparatory local injection. There must, however, be other conditions involved. Although Gratia and Linz claimed that ricin can act as a preparatory factor, they obtained negative results with distilled water and with 20 per cent NaC1 solution. Shwartzman reported negative results with a variety of control substances including turpentine. Thus, the preparatory injection must not only produce inflammation but also effect a particular state of vulnerability of the blood vessels. Since no differences are demonstrated between preparatory factor and provocative factor, except that the latter may be neutralized by immune serum, the two factors are probably one and the same, and the essential effects of both on blood vessels arc probably identical.
CONCLUSIONS
The histological study of the reaction to injection of the preparatory factor of the Shwartzman phenomenon shows it to be an exudative inflammation, but furnishes ~o conclusive evidence as to whether or not the inflammation is conditioned by previous sensitization to substances contained in the bacterial filtrate.
The histological study of the local reaction which follows the intravenous injection of reacting or provocative factor shows exudative inflammation which differs from that due to the preparatory factor principally in the increased general severity and marked damage to blood vessels. The increased severity of reaction which follows the intravenous injection is probably due to concentration of the injurious agent at the site of inflammation determined by the preparatory local injection.
The exudative phenomena caused by the preparatory local injection are edema and infiltration of polymorphonuclear leucocytes and large mononuclear cells. Vascular injury is morphologically demonstrable in only a few of the sections, notably those from periarticular structures. The intravenous injection determines an increase in cellular infiltration, necrosis of exudate, phagocytosis of cell debris, destruction of vascular walls and hemorrhage. Healing is due to granulation, organization and cicatrization.
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